Abstract. We provide a brief investigation of the Estonian-German scientific collaboration in terms of quantity and quality of the scientific output and impact based on the Web of Science (WoS) and the Essential Science Indicators (ESI) of Thomson Reuters. An overview of the overall scientific productivity of Estonia and a ranking of the countries of cooperation is given. The most active affiliations and research fields involved into the cooperation of the two countries are identified. We analyse in particular the development of the output (i.e. the number of joint publications) of the Estonian-German cooperation and of the impact (i.e. the number of their citations) since around 1972. Finally, the most frequently cited Estonian-German joint papers in the field of Physics and Astronomy are listed.
INTRODUCTION

*
Scientific exchange and collaboration between Estonia and Germany have a strong tradition. For long, the University in Tartu (Dorpat) was effectively a German university 1 . Especially in the 19th century, when Tartu
An Estonian extended version of this article will be published in the journal Akadeemia. * Corresponding author, rekre@fkf.mpg.de (Dorpat) University was the only German-language university in the Russian Empire, there was a frequent exchange of students and professors (and with them ideas) in both directions. Quite a number of renowned and leading scientists of their time who taught and worked in Tartu (Dorpat) had received their full or at least a considerable part of their higher education at some German university or had spent a part of their scientific career in Germany. On the other hand, German universities profited from well trained students and scientists who originated from the Baltic area and who had studied and gained their degrees not least in Tartu (Dorpat). In 1919 the University of Tartu of the Republic of Estonia was formed and faculty members from Scandinavian neighbours but also from Germany were invited to join and complete the national teaching staff. After the Second World War the EstonianGerman scientific exchange almost disappeared. For several decades collaboration with Estonian scientists was extremely difficult but nevertheless stayed alive 2 . The question we address in this study is how scientific collaboration between Estonia and Germany has developed after Estonia regained independence in 1991. We concentrate our investigation on the natural sciences and try to evaluate the collaboration by measuring scientific output (papers) and impact (citations) by means of standard bibliometric methods. We are especially interested in how characteristic figures have developed with time. The databases and tools provided by Thomson Reuters (see below) and Elsevier (Scopus) have facilitated and stimulated the usage of bibliometry for evaluating science. Bibliometric methods have been proven useful for the analysis of a single publication, ensembles of papers published by a specific researcher, a specific journal, or a whole country.
Recently, an analysis of the performance of the Estonian science in comparison to its neighbours Latvia and Lithuania based on bibliometric indicators appeared in this journal [3] . It turned out that in terms of numbers of the joint scientific publications Germany ranks third after Finland and Sweden but before the USA, England, and Russia. This analysis provided also some evidence that one potential factor behind the relative success of Estonian science could be the partnership with scientifically more advanced countries, e.g. with Germany.
In contrast to this analysis, our study stretches back to pre-1997 publications. A clear majority of the total joint Estonian-German scientific publications cover topics of natural sciences and only about 5% deal with Social Sciences, Arts, and Humanities. The emphasis of Estonia's scientific collaboration with Germany is clearly in the fields of Condensed Matter Physics, Astronomy, and Chemistry. The collaborations with Finland and Sweden concentrate more on Environmental Sciences, Biochemistry, and Neuroscience. Additionally, we identify the major collaborative partner institutions both in Estonia and Germany. A short comparison of the Estonian-German with the Latvian-German and Lithuanian-German scientific collaboration with regard to the research fields is included. Finally, we look at the impact reflected by the citation counts and investigate the development of the number of citations of the joint Estonian-German publications with time. 
ESTONIA -TOTAL NUMBER OF SCIENTIFIC PUBLICATIONS
The publications within the natural sciences disciplines are predominantly published as journal articles. Therefore, these research fields are covered fairly well by the source journals of the WoS citation indexes, in particular those of the Science Citation Index (SCI) [4] . The number of articles published in the WoS source journals has become a standard measure for scientific output (productivity), although books, popular publications, research reports, and most conference proceedings are not included. At the date of search (25.03.2009) the citation indexes accessible under the WoS revealed altogether 17 779 publications with at least one author based in Estonia (i.e. Estonia or ESSR as address search terms). The time evolution of the number of publications is shown in Fig. 1 . There are a total of 52 pre-1965 papers listed in the WoS (outside the time window of Fig. 1 ), mostly published in the fields of Biology and Physiology. The time evolution of the relative number of publications compared to the total number of publications in each year covered by the SCI is shown for comparison. The time-dependent overall number of publications covered by the WoS is not searchable because of the WoS system limits of 100 000 items per search. However, the total numbers based on the SCI (rather than on all citation indexes) are available via the database provider STN International (http://www.stninternational.de/). The SCI covers more than 80% of the Estonian publications and thus may be taken as reference here. Figure 1 shows a distinct upward bend after 1991-1993 both with regard to the absolute numbers and compared to the growth of the publications covered by the SCI. Since the restitution of the Republic of Estonia in 1991 there is roughly a linear increase of the publication productivity by about 60 publications per year, significantly more than in the time before. There is remarkably no reduction of publications in the years around 1991.
The ensemble of the 17 779 papers published by at least one author based in Estonia was analysed with respect to the countries of coauthors and the research fields by using the WoS analyse function. Table 1 reveals that Germany appears on rank four behind the USSR, Finland, and Sweden as cooperating countries but before the USA, England, and Russia. Note that the author addresses (including the countries of authors) are not fully covered by the WoS prior to around 1972. The Estonian publications were selected using the author address search field but were analysed using the country of author search field available under the WoS analyse 
SCIENTIFIC COOPERATION AS REFLECTED BY PUBLICATION ACTIVITY All Baltic countries and Germany
Some interesting information results from a comparison of the cooperation of Germany with the three Baltic countries. Out of the 17 779 Estonian scientific publications 1134 (6%) are published in cooperation with at least one coauthor from Germany. The majority of the joint publications have been published after 1991. This is comparable to the number of joint publications of Germany with Latvia (921) and Lithuania (1065). Similar to the collaboration with Estonia, the joint papers published in collaboration of German researchers with Latvian and Lithuanian colleagues are also mainly focused on Physics, Chemistry, and Materials Science.
Estonia and Germany
The 1134 joint Estonian-German publications were analysed with regard to the various research fields again by using the WoS analyse function. Figure 2 displays the time evolution of the papers coauthored by Estonian and German researchers. The time evolution of the relative number of publications compared to the total number of Estonian publications in each year covered by the SCI is shown for comparison. Table 2 lists the affiliations of the Estonian and German coauthors contributing to a joint publication. Note that the author addresses (affiliations, countries) are badly covered by the WoS prior to around 1972 and that until present institutional names are hardly standardized by the WoS producer. The table reveals that the majority of the scientific collaboration originates from the University of Tartu. In Germany, the universities of Hamburg, München (TU), Würzburg, and Bayreuth are the leading cooperation partners. Table 3 Table 1 shows that in terms of number of publications Finland and Sweden are Estonia's major scientific cooperation partners in Europe. In contrast to the collaboration with German scientists, the emphasis of the scientific cooperation of Estonia with Finland and Sweden is on the fields of Biochemistry, Environmental Sciences, and Medicine. 
SCIENTIFIC IMPACT AS REFLECTED BY CITATIONS
The size and the impact of publications vary considerably. Accordingly, the number of papers published by a researcher, a research institute, or a whole country is insufficient as a measure of scientific productivity or research performance and does not allow judging on the importance, influence, or even the quality of the work. An increasingly popular way to estimate the impact of a researcher, a research institute, or a country is to count the number of times their specific articles have been cited. The number of citations is often considered as a measure of the attention a scientific work has attracted and of its importance or usefulness within the scientific community. Like counting publications, counting citations does not provide an ultimate measure of the final importance and quality of publications, and as with counting the number of publications, counting the number of citations contains strengths and shortcomings. Nevertheless, citation numbers are increasingly used for research evaluation. One strength of citation numbers is certainly that in contrast to expert advisory committees (peer review), not only a few but a large number of anonymous scientists -essentially the whole community -within a field of research evaluates a specific paper. The aspects and the problems involved when using citation counts have been intensely debated in the literature and hence there is no need to repeat this discussion here [5] . Figure 3 shows the total number of citations per year of the 1134 Estonian-German papers jointly published since 1970 that are available under the WoS Citation Report. By definition, the number of citations for a particular year accumulates the attention paid to all publications published prior to the citing year and hence the number of citations generally tends to increase super-linearly. The slopes (impact acceleration) of such 'sales curves' can be taken as age-independent indicators of the citation impact of researchers, research institutes or, as in the present case, of the publications of a specific cooperation, etc. A comparison of the slope of the jointly published Estonian-German papers with the number of all papers published by Estonian researchers is hampered here for two reasons: (1) The citations of the overall number of Estonian publications are not searchable in the WoS because the number of papers is above 10 000 and thus exceeds the system limits of the WoS Citation Report function. (2) The joint EstonianGerman papers in some research fields are too small for a meaningful comparison. Therefore, the time curves of the total Estonian papers in the fields of Physics and Chemistry (rather than the impact time curves of the overall Estonian papers) are shown for comparison. However, these two research fields represent only about one third of the overall Estonian publications. The comparison can be justified by the fact that the average citation rates of these fields are more or less representative for all papers (see Table 4 ). As Fig. 3 demonstrates, the total number of citations in each year of all papers published jointly by Estonian and German partners accelerated impressively reaching about 2800 citations in the year 2008. The plot shows the number of citations in each year of all articles from the year of appearance till the given publication year of the citing articles. An acceleration of the number of citations with time may be generally expected due to the cumulative character of the WoS Citation Report graph but is not always found. A linear increase or even a bending-off may also be observed. For example, if a researcher stops publishing towards the end of the career, the impact curve shows a significant waning and eventually a bending-off. In contrast, the time curve given in Fig. 3 shows an increasing slope, indicating that the joint Estonian-German publications attract unbroken attention. In order to investigate how this acceleration compares with the citation rate growth of all papers published by Estonian authors the acceleration of impact over the time of the Estonian papers in the fields of Physics and Chemistry is shown for comparison. The striking acceleration of the number of cited papers per year after 1993 compared to the rather constant impact development before is noteworthy.
Different disciplines have different citation habits (i.e. different average numbers of references per article) resulting in different average citation rates (average citations per article), which renders it rather difficult to compare citation rates of different scientific disciplines. For example, the average citation rates of Mathematics and Molecular Biology & Genetics differ by almost a factor of ten. Also, the average citation rates also reflect the popularity of a research field. Therefore, a comparison of citation counts across different research fields without normalization has to be regarded with great care.
In view of these difficulties, the papers published in the three main cooperative research fields (Physics, Chemistry, Biology) coauthored by Estonian and German researchers were analysed separately. The research field specific publications were selected using the corresponding WoS subject areas given under the WoS refine function. In Table 4 the average number of citations per paper (citation rate) of the joint EstonianGerman papers for the three research fields and the time period 1998-2008 are given. The average citation rates of the overall Estonian publications of these research fields are listed for comparison. Thomson Reuters offers an in-depth analytical tool for ranking scientists, institutions, countries, and journals based on the WoS data of the last decade, the Essential Science Indicators (ESI) (http://scientific.thomsonreuters.com/products/esi/). The world average citation rates of the corresponding Table 4 shows that the average citation rates of the joint Estonian-German papers compare favourably to the total Estonian publications and the world average within the same time period quoted in the ESI for the three main research fields (and also for the average of all 23 ESI research fields). Note that the ESI research fields are much broader subject categories than the WoS subject areas. The significance of the data is somewhat limited by the small number of joint papers since 1998. Finally, the ten most highly cited joint EstonianGerman papers within the fields of Physics and Astronomy as the two top ranked fields of cooperation (see Table 1 ) are given in Table 5 . Note that such lists actually imply no real ranking because the various papers accumulated their citations over different time periods.
The paper of rank 5 illustrates the problems when selecting literature by using the WoS author address field. First, this paper was not included by the WoS listing, because the permanent Estonian address of one author (Hizhnyakov) was given in the paper only as a footnote and was therefore not transferred into the author address field by the WoS. The citation count of the paper of rank 7 in Table 5 is also remarkable: this technical report paper collected an impressive number of 66 citations within the first year after its publication. 
CONCLUSIONS
With respect to collaborative publications with researchers from foreign countries, joint scientific publications of Estonian with German researchers rank fourth after the USSR, Finland, and Sweden, but before the USA, England, and Russia. The emphasis of Estonia's scientific collaboration with Germany is mainly in the fields of Physics and Astronomy. After 1991 there is a clear increase in the number of papers per year of joint Estonian-German authorship. However, the relative number of joint publications as compared to the total number of Estonian publications in each year has been roughly constant since around 1990. The citation count per year of the overall papers published jointly by Estonian and German partners has accelerated impressively. The impact acceleration is significantly higher than that of the total Estonian papers in Physics and Chemistry. The average citation rates of the joint Estonian-German papers compare favourably to the total Estonian publications and the world average in the same time period quoted in the ESI for the three main research fields Physics, Chemistry, and Biology.
